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Abstract

This report contains a listing of the computer package FMCGA for minimi-
zation of an unconstrained function by the new three term conjugate gradient
method. The package has been developed for the CDC 170/815 system with the
NOS 2.1 level 558 operating system and the Fortran Extended (FTN) version 4.8
compiler. The listing contains a total of 532 lines (including 191 comments)

constituting six subroutines.
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I. INTRODUCTION

This document contains a Fortran listing of all the subroutines of the
FMCGA package. The FMCGA package executes unconstrained function minimi-
zation by the new three term conjugate gradient method [1]. The user's manual of
the FMCGA package together with illustrative examples is found in [2].

The FMCGA package has been developed for the CDC 170/815 system with
the NOS 2.1 level 558 operating system and the Fortran Extended (FTN) version
4.8 compiler. The package is available at McMaster University in the form of a
library of binary relocatable subroutines. The library is in the group indirect file
LIBFMCG accessible under the charge RJWBAND.

The FMCGA package contains 532 lines of which 191 are comments. It has

been modularized into 6 subroutines. The list of all subroutines is given in Table I.

TABLE I

LIST OF SUBROUTINES OF THE FMCGA PACKAGE

Subroutine Number of Lines Listing
(source text) (page)

1 ANORM 14 10
2 BNORM 15 10
3 FMCG1 100 4
4 FMCG2 257 6
5 LSERCH 129 11
6 VALUE 17 10




(1]

(2]
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SUBROUTINE FMCG1 (FUNCT, GRAD,N,M, X,EPS,C1, ITERM, W, LW, ICH, IFLAG, IPR
1) )

SUBROUTINL IfICG1 IS THE HIGHEST LEVEL SUBRGUTINE TO rINIMIZE AN
UNCONSTRIANED FUNCTION USING TUE METHOD OF CONJUGATE GRADIENTS.
IT SUBDIVIDES THE WORK SPACE SUPPLIED BY THE USER INTO A SET OF
VECTORS USED BY THE REMAINING SUBROUTINES AND INITIALIZES TIHE
MINIMIZATION PROCEDURE BY CALLING SUBROUTINE FMCG2.

WENRCTAWNN ~

10

DIMENSION X(N), W(LW)
EXTERNAL FUNCT, GRAD

LIST OF MAIN VARIABLES
FUNCT THIE NAME OF THE SUBROUTINE SUPPLIED BY THE USER
TO CALCULATE THE VALUES OF THE ORBJECTIVE FUNCTION

GRAD THE NAME OF THE SUBROUTINE SUPPLIED BY THE USER
TO CALCULATE THE GRADIENT OF THE OBJECTIVE FUNCTION

N NUMBER OF OPTIMIZATION VARIABLES

THE DIMENSION OF THE VECTOR GD

X VECTOR OF OPTIMIZATION VARIABLES 27
28
EPE THE REQUIRED ACCURACY 29
30
ci DETEMMINES THE ANGLE BETWEEN THE CURRENT SEARCH DIRECTION 31

AND THE STEEPEST DESCENT DIRECTION

ITERM THE MAX. NUMBER OF ITERATIONS

w THE WORKING SPACE 36
37
LW THE LENGTH OF THE WORKING SPACE 38

ICH UNIT NUMBER FOR PRINTED OUTPUT

IFLAG CONTAINS THE INFORMATION ABOUT THE SOLUTION 42
~1 INCORRECT INPUT ARGUMENTS
¢ HREQUIRED ACCURACY OBTAINED

1 LIMIT OF THE NUMBER OF ITERATIONS IS REACHED 45

46

IPR CONTROLS THE PRINTED OUTPUT 47
= 0 THE PRINTED OUTPUT IS SUPRESSED 48

= { EACH ITERATION IS PRINTED 49

= 2 THE SOLUTION (LAST ITERATION) IS PRINTED ONLY 50

JX1=1 51
JHED=JX1+N 52
JZOo=JXD+N 53
JZ1=JZO+N 34
JWe=JZ1+N 33
JWI=JWO+N 36
JYO=JWI+N 37
JY1=JYO+N 38
JT9=JY1+N 59
JT1=JTO+N 60
JT2=JT1+N 61
JPH=JT2+N 62
JGH=JPH+N 63
JDO=JGH+N 64

R A S g R g A A g g el e g g T I N N T )
]
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JGCO=JDO+N 65



10

20 FORMAT (1Hi,/r///,7X, "UNCONSTRAINED MINIMIZATION BY CONJUGATLE
1IERNTS (FMCG PACKAGE) ",/ //)
FORMAT (2X, "INSUFFICIENT WORK SPACE")

39
40
50
60
70
80
20

JG1=JGO+N

JG=JG1+N
JGOSTR=JG+N
JXSTR=JGOSTR+N
JGD=JXSTR+N

IFLAG=0

LMAX=JGD+M-1

IF (LMAX.LE.LW) GO TO 10
IFLAG=-1 .

WRITE (ICH,30)
RETURN

CONTINUE

PRINT THE INPUT DATA
WRITE (1CH,29)

WRITE (ICH, 49>

WRITE (ICH,39)

WRITE (ICH,69) N
WRITE (ICH,79) EPS
WRITE (ICH,99) LW
WRITE (ICH,89) IPR

CALL FMCG2 (FUNCT,GRAD,N,M, X, EPS
1XD) , WOJZO) , W(JZL) , W(JIWO) , W(JIWL1),
2, WOIPH) , WCJGHD) , WCJIDO) , W(JIGO) , W(J

3

FORMAT (7X, "INPUT DATA")
FORMAT (7X,10C(1H-), /)

FORMAT (10X, "NUMBER OF VARIABLES (N) ",34(1H.),2X, 17,
FORMAT (10X, "ACCURACY (EPS)",42(1H.), 1PE18.3,.)

FORMAT (10X, "PRINTOUT CONTROL (IPR)",42¢{II.), 12,7,
FORMAT ¢ 19X, "WORKING SPACE (LW)",41C1M.),17,/)

RETURN
END

»C1, ITERM, ICH, IFLAG, IPR, W(JX1) ,W(J
W(JYO) ,W(JY1) ,WCITO) ,W(IT1) , W(JIT2)
G1) ,W(JG) , W(JGOBSTR) , W JXSTR) , W( JGD

P>ID?D>.’>I>>>il>ﬁ>bbbbbbbb»r&pbb>b>>b>ﬁbbl>:>

66
67
68
69
7o
71
2
73
74
75
76
77
78
79
80
81
82
83
84
85
86
/7
88
89
99
91
92
93
94
95
26
97
98
29
109



C 1
C 2

SUBROUTINE FMCG2 (FUNCT,GRAD,N,M,X,EPS,C1, ITERM, ICH, TFLAG, IPR,X1,X 3

1D,Z0,Z1, W0, %1, Y0,Y1,Te, T1,T2,PH, GH, DO, GO, G1,G, GOSTAR, XSTAR, GI) 4
c 5
c 6
c THIS IS TOE MAIN SUBROUTINE OF THE FMCG PACKAGE. IT IMPLEMENTS 7
c THE DIXON ALGORITHM PUBLISHED IN TECLUNICAL REPOILT NO. 130 OF 8
c THE NUMERICAL OPTIMIZATION CENTRE, HATF IELD POLYTECUNIC, ENGLAND. 9
C A DETAILED DESCRIPTION OF THE DIFFERENT STEPS IN THE ALGORITHM ARE 10
c PROVIDED ALONG W1TH TUE LISTING, 11
C REFER TO [ 1] FOR THE THEORTICAL BACKGROUND AND THE DETATLED 12
c DISCUSSION OF THE ALGORITHM. 13
c 14
c 15

DIMENSION X(N), X1(N), XD(N), ZO(N), Zi(N), WO(N), Wi(N), YO(N), Y
11(N), TO(N), TI(N), T2(N), I'H(N), GU(NY, DOCN), GO(N), GL(N), G(N)
2, GOSTAR(N), XSTAR(N), CD(MD

EXTERNAL FUNCT, GRAD

COMMON NIFLS, NGIS

INITIAL{ZATION OF VARIABLES.

g LIST OF MAIN VARIABLES ?;
g i VECTOR OF B;;IHIZATION VARIABLES éi
g X1 VECTOR OF OPTIMIZATION VARIABLES AT ITERATION K+1 gz
g XD DUMMY VECTOR TO EVALUATE THE OBJECTIVE FUNCTION AT gg
C DIFFERENT POINTS IN SUBROUTINE LSERCH ?9
E zo IS THE CORRECTION VECTOR Z AT ITERATION K g?
g Z1 IS THE GCOBRRECTION VECTOR Z AT ITERATION K-1 33
g GO GRADIENT OF THE OBJECTIVE FUNCTION AT ITERATION K gg
g G1 GRADIENT OF THE OBJECTIVE FUNCTION AT ITERATION K-1 gg
E TO SEARCH DIRECTION AT ITERATION K gg
g T1 SEARCH DIRECTION AT ITERATION K-1 3?
g T2 SFARCH DIRECTION AT ITERATION K-2 2%
g Wo CORRECTION' VECTOR W AT ITERATION K :g
g wi . CORRECTION VECTOR W AT ITERATION K-1 :g
G

C

30

CALL SECOND (TML) 31

J=0 52
NFE=0 53
NGE=0 54
EPS1=EPS 55

56
57
58
59

IF (EPS.GE.1.E-8) EPS1=1.E-10:
DO 19 I=1,N
GOSTARC 1) =9,

10 CONTINUE

ITFER=@ 69
Do 20 I=1,N 61
Z1C1)=0, 62
Wic1)=9, 63

20 CONTINUE
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40

690
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STEP 1
EVALUATE THE OBJECTIVE FUNCTION AND ITS GRADIENT AT
THE. STARTING POINT.

CALL FUNCT (N,M,X,GD,F)
CALL GRAD (N,M,X,GD,G1)
NFE=NFE+1
NGE=NGE+1

PRINT THE STARTING POINT,THE OBJECTIVE FUNCTION AND ITS GRADIENT.

IF (IPR.EQ.3) GO TO 40
WRITE (ICIH,290) F

WRITE (1CU,300)

DO 30 I=1,N

WRITE (1CU,319) I[,X(1),G1(1)
CONTINUE

CONTINUE

STEP 2
START WITH THE STEEPEST DESCENT DIRECTION.

Do 56 I=1.N
GACTY=GI(T)

GH(I)=G1CT)

PH(I)=-G1( 1)
TOC1)Y==G1C 1)
TIC1Y==G1( 1)
CONTINUE

STEP 3
PERFORM AN APPROXIMATE LINE SEARCH.

CALL LSERCH (FUNCT,GRAD,DO,X,N,M,T0,XD,Go,GD,F)

STEP 4
DETEBRMINE THF. NEW POINT AND THE GRADIENT AT THIS POINT
INCREASE THF. NUMBER OF ITERATIONS BY 1.

Do 7e I1=1,N

XICD =X +DBC 1D

GLC1)=6oC])

CONTINUE

IF CANORM(D®,N).LT.EPS1) GO TO 220
ITER= ITER+ { :

J=J+1

CALL GRAD (N,M,X1,GD,GO)

NGE=NGE+1

STEP &

DETERMINATION OF THE NEW CONJUGATE SEARCH DIRECTION
USING THE NAZARETH THREE TERM FORMULA.

REFER TO [11 FOR THF. THEORETICAL BACKGROUND.

DO 89 I=1,N
YO(1y=GoC ) -G1(1>
CONTINUR
GAMA=VALUE(Y®,Y0,Y0,TO,N)
THETA=-VALUE(GO, TO, Y0, TO,N)
DO 90 1I=1,N

ZO(1Y=21C 1)-THETA*DO( I)
WO I)=Wi(I)-THETA%YO(I)
GOSTAR( I)=GO( I)-WO( I)
KSTARC D) =X1(1)-Z0( 1)
T2C1)=T1C 1)
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72

92

93

24

23

96

97

98

29
1900
191
102
103
104
103
106
107
108
109
110
111
11z
1138
114
113
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
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100

130

140

160

TiCD=TAC D)

CONTINUE

BETA=0.

IF (J.GE.2) BETA=VALUE(Y®,Y1,Y1,T2,N)
DO 100 1=1,N

TOC 1) ==YO( 1) +BETA*T2( 1) +GAMAXT1( I}
CONTINUE

IF (IPR.EQ.9) GO TO 120

IF (IPR.GT.1) GO TO 120

WRITE (ICH,320) ITER

WRITE ¢ ICI, 390)

DO 110 1=1,N

WRITE (ICH,310) I,XSTARCI),GOSTAR(I)
CONTINURE

CONTINUE

STEP 6

CHECK TUE STOPPING CRITERIA.

1F llGolt < Ers, STOP.

IF THE NUMBER OF ITERATIONS EXCEEDS THE LIMIT DEFINED BY
USER, STOP.

IF (ANORM(GO,N).LT.EPS.OR. ITER.GT. ITERM) GO TO 220

STEP 7

RESTART TESTS. :

CHECK WHETHER THE NEW DIRECTION IS SUFFICIENTLY DOWNII1LL.

IF ANY ONE OF THE RESTART TESTS IS SATISFIED THEN GO TO STEP 10.

IF (C1*®*ANORM(TO,N) *ANORM(GO,N) .GE.-BNORM(T®,G9,N)) GO TO 169

IF (ANORMC GOSTAR, N) . LE. C1*ANORM( GO, N) . OR. ANORM(TO, N) . LE. C1*ANORM( G
19,N)) GO 10 160

IF (J.GT.1> GO TO 139

GO TO 140

IF (BNORPM(PH, YO,N)%k%k2. .GT. .2%( ANORM( PH, N) %%2. )*( ANORMCY®, N) %%2.))
160 TO 1690

STEP 8
IF THE NUMBER OF ITERATIONS ;; N+1 THEN GO TO STEP 10

IF (J.GE.N+1) GO TO 160

STEP 9
RESTART TESTS ARE NOT SATISFIED .
UPDATE THE VARTABLES AND START LINE SEARCH IN THE NEW DIRECTION.

DO 150 I=1,N
Yi(ny=yYe(I)
L1 =ZoC )
W1CI)=woCl)
Xe1)=X1( 1)
CONTINUE

GO TO 60

STEP 10 :
TEST Z@ FOR WOLFE CONDITION. IF SATISFIED GO TO STEP 12.

IF (C1*ANORM(Z®,N) *ANORM(GO,N) .LT.~BNORM(Z®,G0,N)) GO TO 180

STEP 11
RESTART WITH STEEPEST DESCENT DIRECTION.

DO 17O I=4,N
TOC1)=-6O( 1)
GCH(1)==CoCI)

fuclte Recec s Rucle- o R vcf ol o~ Rl e s v - e R =R o - Rucl v Ru Aol - N =R e Rl o-Rooll o=l e Ruc R R vl vl o B ol el ool ol o-B - R B o B R ool ol B M v-Ron e R ool ol o~ B o Bl e R e e ol o

131
132
133
134
135
136
137
138
139
149
141
142
143
144
143
146
147
148
149
150
151
1532
153
154
153
156
157
158
159
169
161
162
163
164
165
166
167
168
169
170
171
172
178
174
173
176
177
178
172
189
181
182
183
184
183
186
187
188
189
190
191
192
193
1924
195
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PHCI)=~GOC 1)
170 CONTINUE

J=o
G0 TO 200
STEP 12

RESTART WITH Z06 AS THE NEW SEARCH DIRECTION

186 DO 190

I=1,N

TOC1Y=ZOC( 1)
TICTY=70C(T)
GH(I)=GO(T)
PH(I1)=ZOCI)
190 CONTINUE

STEP 13
INITIALIZE SOME OF THE VARIABLES BEFORE: RESTARTING
GO TO STEP 3

J=0
200 DO 210

}=1,N

WiCI) =0,
Z1C1y=0.

R(1I=X

(D

210 CONTINUE
GO TO 69
220 CONTINUE
IF (IPR.EQ.9) GO TO 366
PRINT OUT THE SOLUTION FOUND BY THE PACKAGE

WRITE
WRITH

€ 1€, 330)
¢ 1CU, 340)

CALL FUNCT (N,M,XSTAR,GD,F)
NIE=NFLE+1

NEFE=NFE+N*NGE

CALL SECOND (TM2)
CPU=THM2-TM1

WRITE
WRITE
Do 230
WRITE

(ICH,350) F
( ICH, 30@)
I=1,N
(ICH,310) I,XSTAR(I),GOSTAR(I)

230 CONTINUE
IF (ITER.EQ. TTERM) IFLAG=1

WRITE
WR1ITE
WRITE
WRITE
WRITE
240 FORMAT
250 FORMAT
260 FORMAT
270 FORMAT
289 TFTORMAT
290 TORMAT
1.5,
300 FORMAT
310 FORMAT
B20 FORMAT
330 FORIMAT
340 FORMAT
350 FORMAT
360 RETURN
END

( ICH,240) IFLAG

(1CH,259) ITER

(I1CH1, 260) NEFE

(1, 279) CPU

( ICH, 286)

(/,10%, "TYPE. OF SOLUTION (IFLAG) ",38(1H.),2X,12,7)

(10X, "NUMBER OF ITERATIONS "“,38(1H.),I?,”)

(10X, "EFFECTIVE FUNCTION EVALUATIONS (EFE) ",20(1H.)>,19,7)
(10X, "EXECUTION TIME (IN SECONDS) “,306(1H.),F9.3)

(1H1)

(7, 10%, "STARTING POINT.",9X, “OBJECTIVE FUNCTION :",2X, IPE12

(/,26X, "VARTABLES", 28X, "GRADIENT", )
(18¥%,16,4X,E12.5,25X,E12.5)

(-r7,10X, "SOLUTION AT ITERATION NUMBER ", 1X, I4)
(rrrsrr X, "SOLUTION")

(vX,901U-), ) .

(384X, "OBJECTIVE FUNCTION :",2X,1PE12.9,7)
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196
197
198
199
200
201
292
203
204
203
206
2ev
208
209
210
211
212
213
214
219
216
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224
295
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228
229
230
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2338
234
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FUNCTION vVALUE (A,B,G,D,N)
THIS FUNCTTON €ALCULATES THE VALUE OF THE QUOTIENT OF THE PRODUCT
OF THE TWO VECTORS OF A AND B DIVIDED BY THE PRODUCT OF C AND D.

REAL A(N) ,B(N),C(N),D(N?}
P=0.

R=0.

DO 19 I=1,N
P=P+ACTI®B( )

R=R+CC( IY*D(I)

CONTINUE

VALUE=P/R

RETUIN

END

FUNCTION ANORM (A,I)
THIS FUNCTION EVALUATES THE NORM OF A VECTOR A.

REAL A(N)
P=0.

Do 10 1=1,N
P=P+ACI)®RACD)
CONTINUE
ANORM=SQRT(P)
RETURN

END

FUNCTION BNORM (A,B,N)

THIS FURCTION EVALUATES THE VALUE OF THE PRODUCT OF THE TWO
VECTORS A AND B.

REAL A(NY ,B(N)
P=@.

DO 10 I=1,N
P=P+ACI)*BL 1)
CONTINULE
BNORM=P
RETURN

END
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SUBROUTINE ILSERCH (FUNCT,GRAD,DO,X,N,M,TO,XD,G,GD,F)

SUBROUTINE LINESERCH IMPLEMENT:3 THE LINE SEARCH AT STEP 3

IN TUE SUBROUTINE FMCG2. IT FIRST PERFORMES A PARABOLIC
INTERPOLATION USING THE VALUES OF THE FUNCTION AND ITS
DERIVATIVE AT THE STARTING POINT AND THE FUNCTION VALUE

AT AN OFFSET POINT. IF THE PREDICTED FUNCTION VALUE

DOES NOT SATISFY THE WOLFE CONDITIONS THEN THE ARMIJOL t1 PROC-
EDURE IS ADOPTED BASED ON THAT STEP.

DIMENSION DO(N}, X(N), TO(N), XD(N), G(N), GD(MD
EXTERNAL FUNCT, GRAD
COMMON NFFE, NGE

LK=9

LL=0

CONS=10.

ALMIN=9.

FMIN=Y

GO 1=BNORM(G, TO, N)

EST=9.
AL1=-2,%(F-EST) ~GO1
AL=AMIN1C1. ,ALL)

DO 1V I=1,N

KDC D) =XCI)+AL®TO( 1)
CONTINUE

CALL FUNCT (N,M,XD,GD,F1>
NFE=NFFE+1

B=-GO1

ALS=AL*®AL
C=2.%(F1-F~AL*CO1) 7ALS
IF (C.LE.1E-10) Al1=AL

IF (GC.LE.1k-16) GO TO 50

START THE QUADRATIC INTERPOLATION

Al=BsC

DO 20 1=1,N
XD(D)=X(ID)+A1XTOCI)
CONTINUE

CALL FUNCT (N,M,XD,GD,F2)
NFF=NFF+1
P2=F+AI*GO1+ALl*AI*Cr2Z,
EO0=ABS(F-P2) ~CONS
E1=ABS(F2-P2)
E2=ABS(F+A1*%GO1-F2) -
LE3=ABSCAL®GO 1) ~CONS
IF (E1.LT.E0Q.AND.E3.LT.E2) GO.TO 30
IF (F2.LT.F1) IFi=ra2
IF (F2.GT.F1) Al=AL.
GO TO 50 .
CONTINUE

AL=A1

DO 40 I=1,N

DOC Y =ALKTOC 1)
CONTINUE

F=F2

RETURN

THE QUADRATIC INTERPOLATION IS NOT SATISFACTORY
ANlMIJ IO PROCEDURE 1S ADOPTED

CONTINUE

FMIN=F1
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32
33

35
36
e
38
39
49
41
42
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45
46
47
48
49
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32
33
54
395
56
37
58
59
60
61

62
63
64
653
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70
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20

1060

110

130

140

150

IF (F1.GT.F) ALMIN=@.
IF (F1.GT.F) FMIN=F

IF (F1.LT.F) ALMIN=Al
El=F-F1

E2=A1#ABS(GO1) ~CONS.

IF (E1.LE.E2) GO TO 100
CONTINUE

alL=2.%Al

DO 70 I=1,N

KDC 1) =XC 1) +ALXTOC 1)
CONTINUE

CALL FUNCT (N,M,XD,GD,F3)
NFE=NFE+ 1

LK=LK+1

E3=F-F3 :

E4= AL¥ADSC G0 1) ZCONS

IF (F3.LT.FMIN) ALMIN=AL
IF (F3.LT.FMIN) FMIN=F3
IF (E3.LT.E4.OR.LK.GE. 10
Al1=AL :
F1=F3

GO TO 60

CONTINUE

AL=A1

F=F1

IF (F1.GT.FMIN) F=FMIN
IF (F1.GT.FMIN) AL=ALMIN
DO 96 1=1,N

DOC 1) =AL*TOC 1)

CONTINUE

RETURN

CONTINUE

AL=Ai 2.

DO 11@ I=1,N

XDC L) =X 1) +ALXTOC 1) .
CONTTNUE

CALL FUNCT (N,M,XD,GD,F4)
NFE=NFE+1

LL=LI+1

E5=F-F4

E6=AL®ABS(G01) ~CONS:

IF (FMIN.GT.F4) ALMIN=AL
IF (FMIN.GT.F4) FMIN=F4
IF (E5.GT.E6) .GO TO 120
IF (LL.GE.10) GO TO 140
Al=AL

F1=F4

GO TO 100

CONTINUE

F=F1

AL=Al :

IF (F1.GT.FMIN) AL=ALMIN

1IF (F1.6GT.FMIN) F=FMIN
Do 130 1=1,N
DOCI)=AL®TACI)
CONTINUE
RETURN
CONTINUE

F=§F4

DO 159 1=1,N
DOC ) =AL¥TOC D)
CONTINUE
RETURN

END
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GO TO 89
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66
67

69
7o
71

-

73
T4
75
76
77
T8
79

81
82
83
84
8o
86
87
88
89
20
91
22
23
94
95
926
97
98
99
100
191
192
103
194
105
106
107
108
109
110
111
112
1138
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129



